A recently established colony of the ichneumonid parasitoid, Hyposoter exiguae, was found to carry both a reovirus (HeRV) and a polydnavirus (HePDV). Morphogenesis of these viruses was observed in all cells comprising the ovarian calyx epithelium, apparently without detrimental effect to the parasitoid. While polydnavirus replication in H. exiguae was restricted to the calyx region, HeRV was detected in ovarioles, oviducts, midguts, malpighian tubules, and accessory glands associated with the male reproductive system. In addition, HeRV was able to infect the fat body of parasitized host larvae and to establish a persistent infection in vitro. Electron microscopy revealed that both viruses were released into the calyx fluid compartment exclusively by budding, a phenomenon rarely observed among the Reoviridae; HeRV envelopes thus obtained, however, appeared to be subsequently shed within the oviducts. HeRV particles were concentrated to near homogeneity by differential centrifugation; mature virions consisted of seven to eight structural polypeptides and 10 dsRNA genome segments. Prominent spikes were observed at the vertices of icosahedral core particles. Most, but not all, individuals comprising the H. exiguae colony appeared to be infected with HeRV, suggesting a commensal relationship between wasp and virus; however, while this association is of obvious benefit to the virus, it seems unlikely that any advantage accrues to the parasitoid which carries it.
INTRODUCTION
Members of the reovirus family are both common and widely distributed in nature, being found in both vertebrate and invertebrate animals, as well as plants (Nibert et al., 1996) . Many plant and animal reoviruses are transmitted by arthropod vectors, in which persistent noncytocidal infections are commonly established. A large number of reoviruses apparently replicate only in invertebrate hosts; of these, many (genus Cypovirus) become occluded within large proteinaceous crystals, and so are readily diagnosed by light microscopy. Perhaps just as many of the insect reoviruses, however, are nonoccluded and in other ways seem to resemble certain vertebrate isolates; infections in insects caused by nonoccluded reoviruses are often cryptic, since overt symptoms of disease are absent. Recent reports nonetheless suggest that such viruses may be much more common than previously imagined (e.g., Anagnou-Veroniki et al., 1997; Hamm et al., 1994; Louis et al., 1988; Noda and Nakashima, 1995) .
In this report, we describe the presence of a nonoccluded reovirus in ovaries of the parasitic wasp, Hyposoter exiguae, a species known to carry the polydnavirus, HePDV, as well (Krell and Stoltz, 1980) . We show that this particular reovirus is released from the cell surface by budding; previously, members of the genus Orbivirus were the only reoviruses known to be released in this manner. Interestingly, however, the structure of H. exiguae reovirus (HeRV) core particles appears to more closely resemble that of members of the genus Orthoreovirus.
RESULTS

Addition of H. exiguae calyx fluid to insect cell cultures leads to a persistent reovirus infection
In an attempt to determine whether polydnavirus (HePDV) genome segments can be maintained as such in vitro, a number of cell lines were exposed to calyx fluid expressed from wasp ovaries into tissue culture media. As described in a previous study using the related ichnovirus, HfPDV (Kim et al., 1996) , a transient cytopathic effect including apoptosis, cellular hypertrophy, rounding up, and, in the case of Hi5 cells, the formation of threedimensional cellular aggregates was observed. Cellular DNA was extracted at various times postinfection for hybridization with digoxygenin-labeled HePDV DNA. These preparations, following agarose gel electrophoresis and ethidium bromide staining, were found to contain a number of low molecular weight bands that somewhat resembled a polydnavirus DNA profile; HePDV DNA, however, failed to hybridize with blots prepared from these samples. Moreover, the low molecular weight bands were resistant to digestion by DNase (Fig. 1) . In light of these observations, electron microscopy of infected cell populations was carried out, with the result that reovirus-like particles were detected in all cell lines initially exposed to crude H. exiguae calyx fluid. This in turn led to an electron microscopic examination of the H. exiguae ovary (see below).
Two infected insect cell lines (Hi5 and Sf21) have been maintained for over a year; each has been subcultured at least once per week. Moderate cytopathology has been continually present in these cultures but has never resulted in any significant detachment of cells from the substrate; accordingly, we have not as yet been able to develop a plaque assay system for this virus.
H. exiguae ovaries are infected with both a polydnavirus (HePDV) and a reovirus (HeRV) It was immediately apparent that the calyx epithelium of the H. exiguae ovary was heavily infected with a reoviruslike particle (here referred to as HeRV); indeed, the cytoplasm of every cell appeared to contain several large virogenic stromata, in addition to polydnavirions in transit from the nuclei to the lumen of the ovary (Fig. 2A) . Interestingly, large cylindrical structures were commonly observed on the surface of the viroplasms (Fig. 2B) ; these tubules were up to 10 m in length, with a diameter of approximately 30 nm. Virus particles situated on the stromal surface, or which had moved away from putative assembly sites, typically appeared larger and more distinct (Figs. 2B and 2C); similar observations were made regarding the morphogenesis of bluetongue virus and attributed to the addition of one of more capsid polypeptides to corelike particles initially assembled in viroplasms (Gould et al., 1988) . Large numbers of virions were found in microcrystalline arrays, usually situated near viroplasms (Fig. 2C ) or else in electron-dense membrane-bound bodies (Fig. 2D) . Within the latter, virus structure appeared to be well-preserved, with very electron-dense cores.
Given that calyx fluid was infectious for all insect cell lines examined, it was of interest to determine whether these particles were detectable in the extracellular environment ("calyx fluid" is an extracellular, particulate secretion observed in the ovaries of those wasp species which carry polydnaviruses). While not nearly as plentiful as polydnavirions, HeRV particles were in fact readily visualized in the lumen of the ovary; interestingly, many appeared to be enveloped. Subsequently, release of HeRV particles by budding was made particularly evident in the case of calyx tissue which had been dissected open and allowed to stand for 15 min in tissue culture medium prior to fixation (Fig. 3) ; by this means, most ichnovirus particles were removed by diffusion away from the calyx surface, while at the same time maintaining good tissue preservation. Plasma membrane modifications (e.g., peplomers) at sites of virion budding were not observed, nor was the release of nonenveloped nucleocapsids observed. Indeed, infected calyx epithelial cells appeared intact in both young and old female parasitoids. Enveloped HeRV particles were also observed at the basal surface of both calyx and oviduct epithelia (not shown), in the vicinity of associated smooth muscle tissue. Since muscle cells were also infected with this virus, however, it was not clear whether the enveloped particles observed in this area derived from ovarian or muscle tissue.
As mentioned above, HeRV particles were readily observed in sectioned calyx fluid, following fixation in situ (Fig. 3B) . However, a large number (50%) of these appeared to have lost their envelopes; virions more removed from the epithelial surface appeared less likely to be enveloped. Reovirus particles could also be detected following negative staining of calyx fluid, but only after most polydnavirions had been removed by centrifugation (5 min at 15,000g). All reovirions visualized following negative staining were unenveloped.
Electron microscopy revealed replication of HeRV in a number of other parasitoid tissues, including the midgut, malpighian tubules, and male accessory glands (e.g., Fig. 2B ). It is important to note that an H. exiguae colony maintained in this laboratory from 1978 to 1980 appeared to be free of reovirus. This assumption was supported during the present study, in which we examined thin sections of calyx tissue which had been embedded for electron microscopy during that period and found no evidence of reovirus infection.
Purification/characterization of H. exiguae reovirus
For the purposes of the present study, we wished to develop a straightforward, rapid protocol for purifying HeRV. Surprisingly, this was on occasion accomplished by two simple differential centrifugation steps. The first of these, utilizing a sucrose step gradient, resolved cell lysates into two visible fractions: one on top of the sucrose step gradient (see Methods) and the other on top of a 66% sucrose cushion. The former consisted almost entirely of cell debris; the latter consisted of virus particles mixed with aggregates of what appeared to be large membrane vesicles (not shown). Following dialysis, a single high-speed microfuge run sufficed to pellet out virtually all of the contaminating cellular debris. Electron microscopy of the semipurified HeRV material facilitated a more careful examination of virion structure than had been previously possible (Fig. 4A ). Negatively stained HeRV particles displayed a surface structure reminiscent of many reoviruses, consisting of an array of small depressions or pits coincident with local axes of five-and sixfold rotational symmetry. However, virion surface structure clearly differed from that of typical orthoreoviruses or rotaviruses and appeared more distinct than that of orbivirus nucleocapsids; the surface of the latter has been described as being somewhat amorphous (Verwoerd et al., 1972) . By comparison with mammalian reovirus Type 3, the diameter of which has been accurately measured at 83 nm (Metcalf et al., 1991) , HeRV nucleocapsids were 72 nm in size. Compared to the
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orthoreoviruses, HeRV particles appeared roughly spherical in outline, rather than hexagonal. The so-called radial spoke configuration associated with the rotaviruses was not in evidence, nor were ring-shaped capsomer aggregates, a characteristic orbivirus trait, observed. In preliminary work, we found that viral cores are produced upon brief exposure of HeRV particles to 0.4% sodium sarcosinate; these structures displayed prominent spikes at vertices of the icosahedral particle (Figs. 4B and 4C). Careful perusal of the available literature suggests that, at least in terms of virion surface structure, HeRV most closely resembles Nilaparvata lugens virus (see Fig. 2a of Noda et al., 1991) .
Results obtained by electron microscopy were supported by silver staining of virion structural polypeptides following polyacrylamide gel electrophoresis; Fig. 5A shows that faint background bands are just as much in evidence in the case of a mammalian reovirus purified to homogeneity by equilibrium density gradient centrifugation, and indeed extraneous bands are believed to primarily represent dsRNA genome segments rather than contaminants (R. Duncan, personal communication). As with mammalian reoviruses, putative HeRV structural polypeptides fell into three size classes (Fig. 5A) , with a 51.7-kDa polypeptide being consistently present in the greatest amount. Accordingly, the relatively gentle procedure described here could prove useful in situations where preliminary characterization of a new reovirus may not require absolute purity. Polyacrylamide gel electrophoresis of RNA extracted from this material showed that the HeRV genome consisted of 10 segments. These were distributed into two groups. The four larger genome segments ranged in size from approximately 3.4 to 4.0 kilobase pairs (kbp); the six smaller segments were measured between 1.5 and 2.0 kbp. There was no evidence of submolar bands (Fig. 5B) .
Tissue/host specificity of H. exiguae reovirus
Polyacrylamide gel electrophoresis was carried out on nucleic acid samples prepared from infected cell cultures ( Fig. 6A ) and various wasp tissues, including the calyx, whole ovaries, ovarioles, testes, male accessory glands, midguts, and malpighian tubules (Fig. 6B) . With only one exception (the testis; not shown), a distinct pattern of 10 genome segments was routinely observed in all wasp tissues examined (Fig. 6B) . Observations on numerous wasps, both male and female, during the course of this study, suggested that most, but not all, individuals in our colony were infected with HeRV, as determined either by gel electrophoresis or by electron microscopy. Interestingly, guts and ovaries of newly eclosed parasitoids contained HeRV RNA, suggesting that wasp grubs were also infected, which was subsequently confirmed; however, preliminary observations suggest that wasp larval tissues contain much less viral RNA than do corresponding adult tissues (Fig. 6C) ; the amount of RNA recoverable from the tissues of young infected adults, however, was comparable to that obtained from older infected wasps. As previously suggested ( Fig. 1) , HeRV genome segments could also be visualized by agarose gel electrophoresis followed by ethidium bromide staining. In the case of wasp ovaries, however, digestion with DNase was required to remove FIG. 3 . A, budding of reovirions (short arrows) through the apical plasma membrane of a calyx epithelial cell; one reovirion is budding through the same microvillus as a polydnavirion (PDV). L, lumen of ovary. An HeRV nucleocapsid located within the cytoplasm is encircled. B, reovirions in sectioned calyx fluid; one particle (short arrow on left) is enveloped, while another (short arrow on right) has apparently lost its envelope. A and B are reproduced at equivalent magnification; bar ϭ 200 nm.
the background polydnavirus DNA profile, thereby revealing the dsRNAs comprising the HeRV genome (Fig.  6D) . Electron microscopy was used to confirm the presence of virus in wasp tissues from which viral RNA was recoverable. In each case, viral morphogenesis was observed. Interestingly, there were no signs of viral replication in the testis, in keeping with results obtained by PAGE, while on the other hand, the male accessory glands carried by far the largest reovirus burden of any tissue examined.
Since H. exiguae will attack and oviposit in both permissive and nonpermissive hosts (Guzo and Stoltz, 1985) , it was of interest to determine whether such species were susceptible to productive HeRV infection (nonpermissive hosts are those in which successful parasitism does not ensue, usually because of a cellular immune response mounted against the parasitoid egg; such host larvae are said to have been "pseudoparasitized"). Late first-instar Trichoplusia ni (Tn), Malacosoma disstria (Md), Manduca sexta (Ms), Orygia leucostigma (Ol), and Lymantria dispar (Ld) larvae were exposed to female parasitoids until at least two oviposition events had been recorded; 10 control second-instar larvae were pricked with a minuten pin to mimic oviposition wounds. Of the three permissive hosts employed, fat body extracts of two (Tn and Md) yielded typical reovirus dsRNA gel patterns; larvae of a third permissive species (Ms), on the other hand, appeared resistant to reovirus infection. By 6 to 7 days postparasitization (dpp), a group (12 of 15) of pseudoparasitized Ol larvae were significantly smaller than control larvae; however, no such change was apparent in a group of 15 pseudoparasitized Ld. Only a single Ol larva died; the rest went on to pupate normally. Nonetheless, a separate group of five pseudoparasitized Ol larvae were all positive for reovirus RNA, as observed following PAGE of fat body extracts (data not shown). Viral RNA was not detected in a group of five pseudoparasitized Ld larvae. Several attempts to infect firstinstar host larvae per os were unsuccessful, either using calyx fluid or infected tissue-culture cell pellets; this result was the same whether permissive (Tn) or nonpermissive hosts (Ol and Ld) were used. HeRV replication was not observed in control larvae.
FIG. 4.
Virion structure and composition. A, HeRV virions from persistently infected Hi5 cells, purified by differential centrifugation as described, contrasted with uranyl acetate; note mulberry-like appearance of the nucleocapsid surface. B and C, representative HeRV cores showing prominent spikes at the vertices. In B, a core (C) is viewed along a putative axis of threefold rotational symmetry; intact virions (V) are present on the same grid. In C, a core (C) with spikes displayed around a fivefold axis of rotational symmetry is indicated. Virions were adsorbed onto a carbon-coated Formvar grid and then exposed to 0.4% sarcosine, 0.1mM EDTA in 0.1ϫ SSC (SSC ϭ 150 mM NaCl and 15 mM sodium citrate) for 7 min. A, B, and C are reproduced at equivalent magnification; bar ϭ 200 nm. Fig. 4A ; the 12.5% gels were silver stained. HeRV is in both cases compared to mammalian reovirus type 3 (T3). In A, certain T3 polypeptides are identified. In B, molecular weights, in kilobase pairs, are provided for the largest and smallest of the T3 genome segments. M, marker polypeptides (kDa).
FIG. 5. SDS-PAGE of HeRV polypeptides (A) and genomic dsRNA (B) derived from the virus preparation shown in
Selected T. ni tissues were dissected out at 7 dpp and processed for electron microscopy. Examination of thin sections revealed the presence of viroplasms in the majority of fat body cells; the tracheal epithelium associated with fat body tissue was also infected, as were a small number of unidentified hemocytes (not shown). Neither the midgut epithelium nor adjacent tissues (smooth muscle and tracheoles) were infected.
DISCUSSION
In the present study, we have shown that two distinct types of viruses, a polydnavirus and a candidate reovirus, co-replicate in the ovary of the parasitic wasp, H. exiguae. In one sense, this is not an unusual observation, since several other viruses have been shown to cohabit the female reproductive system of parasitic species which carry polydnaviruses (Stoltz and Whitfield, 1992) . This is, however, the first instance in which the replication of two entirely different viruses has been shown to occur within the same cells of the parasitoid ovary.
That HeRV is a member of the family Reoviridae is supported both by its morphology and genome structure. Our observations indicate that the HeRV particle is approximately 72 nm in diameter, isometric, and clearly similar to other reoviruses in terms of surface architecture (reviewed in Nibert, 1998) . Virions lacked both the ring-shaped capsomer aggregates and radial spoke appearances characteristic of orbiviruses and rotaviruses, respectively, suggesting that HeRV likely does not belong to either of those genera. This assumption is further strengthened by the observation of prominent spikes on HeRV cores; similar structures are associated with orthoreovirus, but not orbivirus cores (Nibert, 1998) . Prominent spikes are also associated with fijivirus cores; as noted, Nilaparvata lugens virus, a candidate member of this genus (Nakashima et al., 1996) , bears a structural resemblance to the HeRV particle.
Unlike most reoviruses, there is definitive evidence for budding in the case of HeRV; of nine recognized genera in the reovirus family, members of only one (genus Orbivirus) have been previously observed to bud (Bowne and Ritchie, 1970; Eaton et al., 1990; Foster and Alders, 1979; Hyatt et al., 1989) . The orbiviruses are variously described as being either "membranophilic" (Foster and Alders, 1979) , pseudo-enveloped (Els and Verwoerd, 1969) , or only transiently enveloped (e.g., Hyatt et al., 1993) . Interestingly, while release of naked HeRV nucleocapsids from calyx epithelial cells was never observed, the vast majority of virus particles pelleted out from calyx fluid lacked envelopes. This suggests either that most envelopes are shed naturally or else are particularly sensitive to the protocols used to examine virions by negative staining (Foster and Alders, 1979) . Somewhat FIG. 6 . Host/tissue specificity of H. exiguae reovirus. A, HeRV genome segments extracted from a variety of established insect cell lines, as indicated; viral RNAs were separated on a 12.5% polyacrylamide gel and visualized following silver staining. B, HeRV genome segments in extracts infected of various H. exiguae tissues. C, relative amount of HeRV RNA in equivalent amounts of larval, pupal, and adult midgut tissue. Viral RNA is present in larvae, but can be detected only if the amount of midgut tissue used is at least twice that required in the case of pupal or adult samples. D, comparison of polydnavirus (HePDV) and reovirus (HeRV) genome segment profiles in H. exiguae ovaries as seen before and after digestion with DNase. Lane 2, DNA extracted from HePDV pelleted out of calyx fluid (CF); Lane 3, nucleic acid extracted from calyx fluid; Lane 4, same as CF, but digested with DNase. Note that certain reovirus genome segments (arrowheads) are in fact visible in the CF sample, which contains both HePDV and HeRV, but not in HePDV (Lane 2). M, 1 kb DNA ladder. similar work has been carried out on bluetongue virus (BTV), for which in one study 1% of virions pelleted down from tissue culture supernatants were found to be enveloped; intriguingly, the authors stated that "pseudoenvelopes" were much more common in the case of a more virulent strain of the virus (Els and Verwoerd, 1969) . In another study, it was suggested that most BTV virions are in fact enveloped; it was shown that BTV particles fixed with 1% OsO 4 retained an envelope, whereas unfixed virions did not (Foster and Alders, 1979) . It is as yet unclear whether the HeRV envelope has any role in promoting infectivity or whether it is simply acquired as a necessary consequence of a nonlytic release mechanism, becoming thereafter superfluous. It is perhaps worth noting in this context that the outer membrane of the HePDV virion also appears not to be required for virion uptake into cells and is in fact discarded either at cell surfaces or on passage through basement membranes (unpublished data); the HePDV envelope too is acquired by budding through the plasma membrane of calyx epithelial cells. The presence of tubular structures in association with virogenic inclusion bodies seems also to represent a characteristic feature of orbivirus replication (Huismans and Els, 1979) . We note as well that similar to all recognized members of the genus Orbivirus, HeRV has 10 genome segments. On the other hand, both nucleocapsid and core structures differ from those of orbiviruses, such as BTV. Additionally, while orbiviruses have both vertebrate and invertebrate hosts, it seems probable that HeRV would be restricted to the latter. Clearly, additional work will be required before this virus can be assigned to any extant (or novel) reovirus genus. It is hoped that cDNA cloning work now in progress will serve to resolve this issue; preliminary sequence data on two cloned genome segments reveals no obvious homology with any previously recorded reovirus sequence (data not shown).
HeRV appears to be present in most individuals comprising our present colony. Whether or not all individuals actually carry the virus will, ultimately, have to be determined by RT-PCR; those in which genomic dsRNA could not be detected (by silver staining/PAGE) may nonetheless harbor virus. In any case, two strategies for the transmission of this virus within parasitoid populations may be suggested, as follows: either the virus is carried within germ cells or else parasitoid larvae become infected per os following consumption of infected host tissues. If per os transmission alone is responsible for HeRV maintenance, it might reasonably be assumed that the midgut tissue of larval parasitoids would be infected. Yet, we have experienced difficulty in routinely associating HeRV with the larval midgut. Thus, while H. exiguae larvae are at least in some cases certainly infected, it remains at present uncertain which larval tissue becomes infected first. Alternatively, if the virus is transmitted vertically, then perhaps many tissues become infected during embryogenesis. It should be noted that H. exiguae males, like those of other Hymenoptera, are haploid, being derived from unfertilized eggs; accordingly, if this virus is transmitted vertically to male progeny, it would presumably have to be carried within the eggs.
In the absence of any obvious pathology, virus/host relationships of the sort described here can perhaps best be considered as examples of commensalism, in which one participant benefits from the association, while the other may not. The female reproductive tract of many parasitoid species appears to represent a particularly permissive site for the noncytocidal replication of viruses in general (reviewed in Stoltz and Whitfield, 1992) ; conceivably, this could have facilitated the original establishment of polydnaviruses within certain parasitoid lineages. Given its essential role, the ovary may perhaps be too valuable an organ to be lost through a programmed death response to infection and may therefore have evolved an accommodation with a variety of agents, including viruses. In the present instance, it is of interest to note that members of the reovirus family in particular have been linked to the establishment of persistent infection, both in vitro (e.g., Alatortsev et al., 1981) and in vivo (e.g., Noda and Nakashima, 1995) ; the release of virions by a budding process, rather than by cell lysis, might well promote the establishment of such infections. With regard to the question of how HeRV might have been initially acquired by H. exiguae, it can only be noted at this point that nonoccluded reoviruses appear to be common among the invertebrates, and endoparasitic larvae would be expected to ingest significant quantities of any virus that their hosts were infected with. As noted previously, parasitic wasps appear to harbor a large variety of viruses (Stoltz and Whitfield, 1992) . Given a propensity on the part of the reoviruses to set up persistent infections, and a requirement on the part of larval parasitoids to consume host tissue(s), it is perhaps to be expected that the endoparasitic Hymenoptera may, much like the plant-feeding Hemiptera (Noda and Nakashima, 1995) , constitute a largely unexamined reservoir of unique reovirus isolates; to date, reoviruses have been discovered in four different endoparasitoids (Hamm et al., 1994; Rabouille et al., 1994; present study; Stoltz and Lucarotti, unpublished observations) .
In previous work, we have attempted to develop in vitro systems with potential to facilitate the study of some aspects of polydnavirus biology, an approach which has allowed us, for example, to identify a putative role for venom in the life cycle of a bracovirus from Cotesia melanoscela (Stoltz et al., 1988a) . More recently, we showed that cytopathologies observed in vitro following infection with an ichnovirus from Hyposoter fugitivus may be similar to some hematological changes observed in vivo following parasitization (Kim et al., 1996) . In each of these instances, there was no reason to believe that the polydnavirus preparations used were contaminated with another virus. Nonetheless, in light of the present report, investigators working in this field should be aware that additional precautions may be necessary to ensure that only one type of virus is present. In this regard, it should be noted that the most commonly employed means of purifying polydnaviruses, namely rate zonal centrifugation on sucrose gradients, will not eliminate viruses of similar size and shape, such as that observed in certain strains of C. melanoscela (Stoltz et al., 1988b) . Nor would the reovirus described herein have been readily detected by negative staining alone, since HeRV virions are greatly outnumbered by ichnovirus particles in H. exiguae calyx fluid samples. Similarly, agarose gel electrophoresis would have provided little or no indication of the presence of a second virus since the dsRNA profile is almost entirely obscured by the polydnavirus DNA pattern (see Fig. 6D ). Finally, the presence of additional viruses, should these prove cytopathogenic in vivo or in vitro, may complicate attempts to definitively associate polydnaviruses with such activities.
MATERIALS AND METHODS
Insects. H. exiguae wasps were reared as described (Krell and Stoltz, 1980) on Trichoplusia ni larvae supplied by the Canadian Forestry Service, Sault Sainte Marie, ON. Host larvae, initially on an artificial diet (Grisdale, 1973) provided by CFS, were switched following parasitization to a high wheat germ diet (Bell et al., 1981) .
Tissue culture. The following cell lines were used in the present study: Sf9 (from Spodoptera frugiperda), Ld 8 (from Lymantria dispar), Hi5 (from Trichoplusia ni), Tn 368 (T. ni), Md 66 (Malacosoma disstria), Md 108 (M. disstria), and BAW 2 (from Mamestra brassicae). Media used were as follows: Sf 900II for Sf 21 cells; Grace's medium supplemented with 10% fetal bovine serum and 3.30 g/L each of lactalbumin hydrolysate (Difco) and yeastolate (Difco) for Hi5, Ld 8, and Md 108 cells; Grace's medium supplemented with 10% FBS and 2.50 g/L of bacto-tryptose broth (Difco) for Tn 368, Md 66, and BAW 2 cells. Media were purchased from Gibco/BRL. Cells were initially infected with calyx fluid aseptically dissected out into complete medium; this was applied in small volumes (0.5 ml in 50-ml flasks) for 1 to 2 h with occasional agitation, after which an additional 2 ml of medium was added. In some cases, antibiotics were present during exposure to virus and for 24 h thereafter; a combination of vancomycin and ceftazidime, both at 50 mg/L (Gray and Brenwald, 1991) , appeared to be particularly effective in preventing contamination.
Electron microscopy. Tissue culture cell lines exhibiting CPE, and various insect tissues, were fixed initially for 2 h at room temperature in 3% glutaraldehyde in 0.05 M sodium cacodylate buffer containing 0.25 M sucrose. Postfixation was for 2 h in 2% OsO 4 in the same buffer, followed by overnight exposure to 0.1% aqueous uranyl acetate. Embedment was in TAAB resin, following dehydration in ethanol. Micrographs were taken by using a Phillips EM-300.
Nucleic acid extraction/gel electrophoresis. Nucleic acids were extracted by enzymatic digestion of tissues and cultured cell samples, or from purified virus. Cultured cells were washed with and resuspended in PBS. The cells were lysed in 0.6% SDS and digested for 30 min at 37°C with 1 g RNase/ml, followed by a 60 min digestion at 56°C in 20 g/ml proteinase K. Samples were extracted twice with phenol/chloroform/iso-amyl alcohol (25:24:1) and twice with water-saturated ether and then precipitated in 0.25 M NaCl and 70% ethanol overnight at Ϫ20°C. Purified reovirus was resuspended in 300 L TMN (50 mM Tris, 10 mM MgCl 2 , 150 mM NaCl, pH 8.0); 2 g DNase was added, and the samples were incubated at 37°C for 30 min. SDS was added to a final concentration of 1%, and the samples further incubated at 37°C for 30 min. Samples were then extracted once each in phenol, phenol/chloroform/iso-amyl alcohol (25: 24:1), and chloroform prior to being precipitated at Ϫ20°C overnight. Wasp tissues were dissected into SSC (150 mM NaCl, 15 mM sodium citrate, pH 7.5) and 4% sarcosine and heated for 1 h at 65°C prior to enzyme treatment. Samples were digested with DNase for 30 min at 37°C and then extracted twice in equal volumes of phenol/chloroform/iso-amyl-alcohol, and once in chloroform. The dsRNA was then purified using the RNaid kit (BIO 101, Vista, CA) according to the manufacturer's instructions.
Agarose gel electrophoresis was performed in 1.25% agarose gels in TAE buffer (40 mM Tris, 5 mM sodium acetate, 1mM EDTA, pH 7.8) containing 0.05 g ethidium bromide per milliliter. SDS-polyacrylamide gels were prepared with 5% stacking and 12.5% resolving gels as described by Laemmli (1970) . Silver staining of nucleic acids was carried out as described by Blum et al. (1987) .
Purification of reovirus. Persistently infected Hi5 cells served as a source of HeRV. Cells were resuspended in Tris buffer containing calcium (50 mM Tris, 10 mM CaCl 2 , pH 7.5) and lysed by 10 strokes in a Dounce homogenizer; debris and nuclei were then removed by centrifugation at 800g for 10 min. The supernatant was loaded onto a two-step sucrose density gradient consisting of a 2.4 ml 66% sucrose (in the same buffer) cushion overlaid with 4.0 ml 40% sucrose. Gradients were centrifuged at 60,000g for 2 h, and a visible band at the surface of the cushion was collected. After the collected fraction was dialyzed for 4 h against Tris buffer with calcium, it was subjected to a single high-speed microfuge spin (15,000g for 5 min) to remove aggregated cellular debris. Further concentration of virus particles, if necessary, was accomplished by centrifugation of the supernatant fraction at 45,000g for 45 min. It should be noted that the simple protocol we have developed for the purification of this virus has not provided reliably consistent results; possible reasons for this are currently being investigated.
